Observing the phonon yield, i.e. the ratio of the experimental phonon signal amplitude and the corresponding calculated value, phonon losses within the generation-detection system can be localized and determined quantitatively. With tin junctions on pure silicon substrates immersed in liquid helium the phonon yield is 3-5%. Under vacuum conditions the yield rises to 10-12 % indicating strong phonon transmission to the helium bath. The experimental lifetime for 280 GHz phonons in the silicon substrate is longer than 65 las indicating negligible volume losses and losses at the free substrate surface. It is further shown, that volume losses inside the phonon generator and detector are small compared to the total loss of about 90 %. By phonon reverberation measurements we find evidence that the main sources for phonon losses are localized at the boundaries of the tunneling junctions to the substrate. This is supported by an increase of the phonon yield with improved polishing from about 9 % (mechanical), 10% (chemical) to 12 % (sputter etching). A SIMS analysis indicates the presence of carbonhydrates and probably of water in the boundaries. This layer of extraneous molecules together with the nonideal surface structure of the substrate and the evaporated films weakens the mechanical bonding between the tunnel junctions and the substrate and is possibly causing strong phonon splitting by anharmonic forces.
Introduction
Phonon generation and detection experiments with superconducting tunneling junctions [-1 3] give information on the polarization dependent electronphonon interaction strength, 2A-phonon trapping in superconductors [4 6], phonon escape into liquid helium and solids [-4-8] and the emitted phonon spectrum [-9-14] . In first quantitative generation-detection experiments [7, 8] we measured 2A-phonon losses of 95 % to 98 having the sample in liquid helium contact. This result raised the question of the nature of the loss processes involved or alternatively of the correctness of the theoretical models used for the evaluation. During propagation phonons can interact with quasiparticles, lattice defects, impurities, isotopes and thermal phonons or undergo spontaneous splitting. In order to determine the phonon losses quantitatively, to localize them and to investigate their physical nature we calculated recombination phonon signal amplitudes for three independent experimental situations and corresponding models and compared them with the result of measurements [15] . All experiments and calculations in this work refer to 2Arecombination phonons which are detected by a superconducting tunneling junction if the phonon frequency is equal to or higher than the detector energy gap. The quotient of the experimental signal amplitude and the corresponding calculated value is called phonon yield. The models contain assumptions for phonon generation, emission, propagation and detection. By variation of the experimental parameters as: orientation of the crystal, perpendicular or oblique emission, measurement with helium contact or under vacuum conditions, and taking account of phonon focusing in the crystal [,16-20], we have been able to check the intensity distribution for the emitted phonons and the strength of the phonon emission into the helium bath and into the substrate crystal.
In Section 2 we discuss the three different experimental situations and the corresponding models used to derive the phonon yield. Section 3 describes experi-mental data, sample preparation techniques, the low temperature apparatus and some aspects of the pulse techniques used for phonon generation and signal averaging. Experimental results as the phonon transmission into the liquid helium, the 2A-phonon lifetime in dielectric crystals and the phonon yield data are presented in Section 4. These results are then discussed with respect to our theoretical model assumptions for calculating the phonon yield and with respect to the possible phonon loss sources.
Models for Calculating Phonon Signals

Ballistic Model
In most cases the sample consists of two superconducting tin tunneling junctions which are vacuum deposited on the opposite faces of cylindrical silicon crystals. The ballistic model is a calculation of the signal caused by 2A-phonons which propagate within the geometrical aperture angle q)D ballistically to the detector and break up Cooper-pairs. From generation to detection no phonon losses are taken into account. Therefore, the 2d-phonon loss K B is expressed through the ballistic phonon yield ~B (e8 =quotient of the experimental and the calculated signal):
All experimental data required to determine the ballistic phonon yield eB can be measured having the sample immersed in liquid helium or under vacuum conditions. A superconducting tunneling junction biased at 2A/e<UG<4A/e generates one 2A-recombination phonon per tunneling electron [1] . I G being the tunneling current, the generated 2A-phonon rate is h =IG/e.
As phonon propagation inside the generator is concerned, the microcrystalline film structure is taken as elastically isotropic expressed by two sound velocities for transverse and longitudinal phonons % c~. 
N o =density of electron states per spin at the Fermi level. Typical values of z R for tin at T = I K are "cR~10-Ss; since Zw~5.10 11s the comparison shows that the 2A-energy exists mainly in form of quasiparticles but can only leave the tunneling junction as phonons. Reabsorption leads to a retarded decay of an excess quasiparticle density i.e. prolongs the intrinsic recombination lifetime "c R to the effective lifetime %ff directly measured in pulse decay experiments. In tin junctions of d=4000A thickness on silicon in vacuum at T = 1 K appr. 150 reabsorption events take place before a phonon is emitted to the substrate [4, 5] . zer f is mainly limited by the junction thickness and the acoustic boundary conditions for phonon emission to the adjacent media. 2A-phonon losses in the junction volume by interaction with quasiparticles, defects, recombination under emission of photons or under emission of two phonons <2A and recombination over a reduced gap through trapped magnetic flux are small compared to the 2Aphonon emission in the case of tin, for T< T J2 and pure films oriented parallel to the earth-magnetic field. A ray acoustic phonon trapping model [4] shows a linear thickness dependence of zef f for Aw<d~Av, A v being the mean free path for volume losses:
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where N, or is the 2A-phonon density in thermal equilibrium, ctz the polarization dependent sound velocity and ~ the integral phonon transmission to the adjacent helium and substrate ~= Tt~,n~ + ~r,s:
~Otl,g T , = ~ T,(~o)sin2~0d e (5) 0 Tt~(q 0 = angle dependent phonon transmission, ~o,,g =angle of total reflection (~0g=90 ° in the medium with the higher sound velocity, ~0g <90 ° in the medium with the lower sound velocity). Experimental values -Ceff(d ) with tin junctions on silicon substrates [5] show the linear thickness dependence in agreement with the calculated slope in the range 3000 A < d < 8000 A:
Teff, exp=7 • 10 -2 d~ IS] cm 2tell, t a l c = 6 . 8 . 1 0 _ 2 _ d Is] cm at T = 1.02 K, As, = 590 kteV.
This agreement also confirms that A~>d, i.e. negligible volume losses in the detector and generator. The integral transmission to the substrate Ts,/s ~ and to the helium bath Tsn/n ~ can be determined by inserting
